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Abstract Central Java province plays the main role in the
production of food for national stocks in Indonesia, in which
Demak is one of the 35 Regencies. Demak Regency had the
sixth highest rice productivity in 2013, but at the same time,
the seventh highest percentage of child malnutrition. This par-
adox between high rice productivity and low nutritional status
of children triggered an interest in analyzing the correlations
between agricultural production of households in the Demak
Regency and the prevalence of stunting of children under-
five. In December 2014 to February 2015, a cross-sectional
survey was carried out in three sub-districts in Demak
(Karanganyar, Dempet and Gajah) having the highest rice
production and at the same time poor nutritional status of
under-five children. The oldest under-five children from farm-
er family backgrounds were selected. Data on general charac-
teristics, anthropometry of the children, as well as household
socio-economics, including agricultural characteristics were
obtained. Of the 335 children, 31.9% of them were stunted.
A higher proportion of households that grew rice solely or
mainly for own consumption (62.4%) and had significantly
smaller sized rice-fields (p = 0.041) had stunted rather than
non-stunted children. In total, rice production, farm income
and agriculture diversity of families with non-stunted children
were not significantly different from those of stunted children.
However, yearly expenditure for improving family health and
environmental conditions were significantly higher among
non-stunted than stunted children (p = 0.044). Family deci-
sions about what to spend money on also seemed to influence
the nutritional status of the children, rather than nutritional
diversity or revenue from agriculture itself. Therefore, im-
provement of agricultural production and diversity should be
accompanied by education on household expenditure.
Keywords Rice production . Agriculture diversity .
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Introduction
In agricultural societies, farming activities depend on well-
nourished and healthy people to work in this labour-intensive
sector while, on the other hand, people depend on agriculture to
receive food with adequate nutrients (Fan et al. 2012). Kennedy
and Bouis (1993) and Haddad (2000) found a strong link be-
tween agriculture and the nutritional status of farmers and their
family members. More recently, Kumar et al. (2015) also found
a strong positive impact of the diversity of agricultural produc-
tion on height-for-age Z-scores (HAZ) of children above two
years of age in Zambia. On the contrary, a study amongKenyan
children showed no correlation between agriculture diversity
and stunted children (M’Kaibi et al. 2016).
The first 1000 days of life that include the days from the
beginning of pregnancy until the end of a child’s second year
of life, are of high importance for the development of the
foetus and the child. When a child suffers from malnutrition
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during the first 1000 days, stunting can occur and the child has
no chance to catch up with its development afterwards (Black
et al. 2008; Victora et al. 2008, 2010). Grantham-McGregor
et al. (2007) has stated that stunted children have underdevel-
oped socio-emotional and cognitive skills and underdevel-
opedmotor abilities. The underdeveloped cognitive skills lead
to lower school performance and a decrease in working pro-
ductivity in later life (Martorell 1999, 2010a, b; Dewey and
Begum 2011). Gross et al. (1996) have also shown that the
growth rate of a child starts to decrease from the age of six
months when a child’s complementary feeding becomes nec-
essary. In this transitory period, the nutritional needs of the
child often cannot be met as complementary feeding is inad-
equate. Seth et al. (2011) found that stunting starts mostly at
the age of six months and reaches its highest level between 18
and 24 months. The consumption of a low quality diet (low in
macro and micronutrients) over a long time in conjunction
with frequent infections and adverse environmental circum-
stances leads to stunting (Rosado 1999; Stephensen 1999;
Black et al. 2008; Semba et al. 2008).
In Indonesia, rice is the staple of most dishes in the typical
local diet, comprising 60% of the diet, and is consumed at
breakfast, lunch and dinner (Jati et al. 2012; Purwestri et al.
2013). Rice paddy production is promoted because the de-
mand for rice is high. In 2013, Central Java was the second
highest rice productivity area (Central Java Statistics Bureau
2014). However, this high rice productivity is in contrast to the
nutritional status of children living in the area. In the same
year, the Indonesian Ministry of Health (2013) reported that
prevalence of stunted children (HAZ below −2 SD of the
reference population) in Demak was above 30%, indicating
an alarming incidence of chronic malnutrition in the area.
Therefore, the aim of this study was to investigate the corre-
lation of agricultural factors with the nutritional status of chil-
dren below five years old in a rice surplus area but having high
prevalence of stunted children.
Methods
A cross sectional survey was conducted between December
2014 and February 2015 in Demak Regency, Central Java,
Indonesia. As compared to the other 35 Regencies in Central
Java, Demak Regency had the sixth highest rice productivity
in 2013 of 6117 kg per hectare and at the same time the
seventh highest percentage of child malnutrition (indicated
by weight-for-age Z-score < −2SD) of 9.44% in 2012
(Central Java Statistics Bureau 2014; Central Java Public
Health Office 2012). In 2013 the Indonesian Ministry of
Health also reported that prevalence of stunted children
(height-for-age z-score (HAZ) below −2 SD of the reference
population) in Central Java was above 30% (Ministry of
Health 2013). Nutritional status based on HAZ-score of the
Indonesian children at province level is usually reported by
the Indonesian Ministry of Health as part of a regular national
health and nutrition survey. Height of the children was not
commonly measured during a monthly growth monitoring
program in the Integrated Health Post (in the local language
called Pos Pelayanan Terpadu) at village level carried out by
voluntary workers. Therefore, the Central Java province
only reported the nutritional status based on the WAZ score
of the children. In Demak, Karanganyar, Dempet, and Gajah
sub-districts were also chosen because these sub-districts
had high rice productivity and poor nutritional status of
under-five children. In total, eight villages in Karanganyar,
seven villages in Dempet and one village in Gajah were cate-
gorized as rice surplus areas and were then chosen as sites for
data collection.
Subjects of this study were the oldest non-exclusively
breastfed children (aged between 6 and 60months) living with
at least one household member who was occupied as a farmer.
Stunting started to become apparent mostly at the age of six
months and reached its highest level between 18 and
24 months, when exclusive breastfeeding is stopped and the
intake of complementary food is often inadequate (Gross et al.
1996; Seth et al. 2011). Therefore, the oldest under five chil-
dren within the family were chosen in order to capture as
many stunted children as possible. Farmers with land, tenant
farmers, farm workers, sharecroppers or livestock raisers were
all included in the definition of farmer.
Numbers of children per sub-district was proportionally
determined, based on the lists of potentially eligible children
in the selected villages collected from village midwives or
health/nutrition voluntary workers. Simple random sampling
was applied to choose the eligible children from the lists.
A structured and quantitative questionnaire was used for
data collection. Prior to the onset of the study, the question-
naire was pretested at the University of Hohenheim, Germany
and the University of Brawijaya, Malang-Indonesia, and it
was also pretested in Demak. During data collection, mothers
of eligible children were interviewed at home and asked about
the child’s general, family and socio-demographic character-
istics (such as number of children in the household, household
size and ownership, rice-field size), and items on which mon-
ey was spent. Fathers were asked about agriculture related
factors including agricultural production and diversity. Farm
income was derived from the total revenue from farming ac-
tivities (namely rice, other crops or livestock sales) within the
last one year. Data on previous year household expenditure
was collected and presented based on monthly- (regular-) and
yearly- (non-regular-) expenditure. Heights of the children
were measured using a height/length board (for above/below
two years old) and their weights were determined using a
SECA 201 scale. All measurements were carried out twice,
unless a third measurement was needed for confirmation; the
average of the two measurements was used for the analysis.
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In addition, three heads of the village and three farmers
were interviewed in-depth in order to ascertain the local agri-
culture situation, especially regarding the local term of land-
size (one ‘Bau’) and typical yearly production. Qualitative
data were recorded, noted and transcribed for further analysis.
Sample size
Aminimum sample size of 330 children was determined for a
cross-sectional study in the area having a stunting prevalence
of 31.1% in Central Java (Ministry of Health 2013) with a
confidence level of 95% and a power of 0.8. In addition, for
detecting proportion differences between groups of stunted vs.
non-stunted children, a minimum of 95 children per group was
calculated (Lwanga and Lemeshow 1991). The final sample
size of this study was 335 eligible children.
Data analysis
An analysis was performed, testing the relationship of family
demographic characteristics, household expenditure and agri-
cultural production characteristics and revenue of the 335
households based on HAZ-scores of the children.
Data were checked for conforming to a normal distribution
using QQ-plots of normality. For normally distributed data,
differences in means were tested with the Independent T-test
test, while for the non-normally distributed data the Mann-
Whitney U-test was used. Group comparisons were analysed
using a Chi’s square or Fischer exact test.
Statistical analysis was performed using IBM SPSS Statistics
Version 22. Anthropometric data were transformed to Z-scores
using Emergency Nutrition Assessment version 2011 (ENA for
SMART). Two groups of children were categorized based on
HAZ-scores; below -2SD was defined as stunted, while
HAZ-scores above −2 SD were considered non-stunted.
Results
Table 1 shows the characteristics of the 335 children aged
between 6 and 60 months and their families. Of 335 children
from farmer-family backgrounds, 31.9% of themwere stunted
(n = 107) and 1.8% of the total children had HAZ ≥ 3SD.
Their main socio-economic and agriculture characteristics
were similar to the children with HAZ-score ≥ −2 to <+2SD,
who were classified as non-stunted children (n = 228). Stunted
children were significantly older, lighter and shorter than non-
stunted children. The proportion of boys and girls in both
stunted vs non-stunted children was not significantly different.
Both groups of children were from similar socio-demographic
backgrounds as indicated by household size and type, housing
ownership, parental occupation, and educational level.
Among stunted children, 8.4% and 1.9% of them had WHZ-
scores below −2 SD and over +2SD, respectively. The results
were similar to 11% and 1.8% of non-stunted children who
were wasted and overweight, respectively.
At the time of the survey, a total of 19.7% (66) of the 335
households had no agricultural production in the previous
year. However, all respondents reported that at least one of
their family members had earned some revenue from agricul-
tural activities as farm workers. The other 80.3% (269) of
households had between one and four types of agricultural
production (crops and/or livestock). As seen in Fig. 1, both
non-stunted and stunted children groups were from similar
agriculture situations as demonstrated by the crops grown.
Rice was the main product in this study area, followed by
mungbean, onion, different kinds of fruits, and garlic. In total,
76.7% of households (257) cultivated rice on fields between
50m2 and 21000m2 in size, in which 178 and 79 of them were
the households with non-stunted and stunted children, respec-
tively. The farmers harvested rice between one and three times
per year and produced between 10 and 24,000 kg of rice per
harvest. Of the households that cultivated rice, the purposes
for producing rice (for their own consumption, sale, seeding,
and other uses) was not significantly different between fami-
lies with non-stunted and stunted children (Table 2). However,
it is important to note that 74.7% of families with stunted
children produced more rice for their own consumption (me-
dian: 500 kg/year) as compared to 62.4% of families having
non-stunted children (median: 370 kg/year). During the time
of data collection, households received a median price of € 23
or Rp 350,000 per 100 kg of unhulled rice. The households
with non-stunted children had higher median revenue from
selling the rice production (€ 586.6) than that of households
with stunted children (€ 420.0) (Table 2). It was also found
that 15.2% and 16.3% of the families having non-stunted and
stunted children, respectively, consumed all their rice
production.
Unlike rice production, mungbeans were mostly intended
for sale. Mungbeans are cultivated once a year, during the dry
seasons, when farmers do not plant rice. The selling price of
mungbeans typically fluctuates and households with non-
stunted children had slightly less revenue than those with
stunted children. During the previous year, farmers received
a median price of € 82.0 or Rp 1,250,000 per 100 kg. Of 156
farmers who grewmungbeans, 64.1% of them belonged to the
non-stunted group and received a median price of €137.0 as
revenue (Table 2). Moreover, 3.6% of the households raised
chickens for meat production, and only one household raised
quail for egg production and one household had goats.
In total, families with non-stunted children earned slightly
higher total farm income (€ 704.1) compared to the families
with stunted children (€ 590.6).
Table 3 shows the household expenditures in Euro (€).
Monthly expenditure on education, social activities, food, ag-
riculture equipment, and savings were not significantly
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Fig. 1 Main crops grown in the field by households with non-stunted and stunted children
Table 1 Characteristics of the
children and selected parental
socio-demographica
General characteristics (N = 335) Non-stunted children
(n = 228)
Stunted children
(n = 107)
p valuec
Children
Number of children studied (n) 228 107
Female 43.9 (100) 53.3 (57) 0.108
Age of children (months) 29.9 ± 15.3 34.3 ± 13.0 0.008
− > 6 to 24 months 39.0 (89) 29.9 (32) 0.105
− > 24 months 61.0 (139) 70.1 (75)
Weight (kg) 11.3 ± 2.9 10.6 ± 2.1 0.003
Height (cm) 86.5 ± 10.7 83.4 ± 7.9 0.007
Prevalence of breastfeeding children 62.3 (142) 59.8 (64) 0.665
Selected parental socio-demographic characteristics
Age (years)
- Fatherb 36.3 ± 7.2 36.4 ± 7.0 0.831
- Mother 31.0 ± 6.5 31.5 ± 6.2 0.567
Education level: above senior high school
- Fatherb 14.9 (34) 13.1 (14) 0.656
- Mother 16.2 (37) 16.8 (18) 0.891
Main occupation: Farmer [farmer, tenant farmer, farm worker, sharecropper]
- Fatherb 81.6 (186) 81.3 (87) 0.953
- Mother 15.8 (36) 14.0 (15) 0.674
Mother had a job 42.1 (96) 32.7 (35) 0.100
Household size (> 4 persons) 45.2 (103) 38.3 (41) 0.237
Extended family 26.3 (60) 19.6 (21) 0.182
Housing condition
- owned house 62.7 (143) 65.4 (70) 0.725
- parent’s house 25.4 (58) 21.5 (23)
- patrimony/other family’s or other’s house 11.8 (228) 13.1 (14)
a Data are presented as % (n), or mean ± SD,
b Two fathers had no information,
c Group comparisons were analysed using a Chi’s square test (categorical data) or Independent T test (continuous
and normally distributed data)
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different between the two groups. The highest mean expen-
ditures were the non-routine expenditures in the last year
for improvement in environmental living conditions and
family health with € 254.3 (38.1; 787.4 25th and 75th per-
centiles) from households having non-stunted children, a
figure significantly higher than that of € 150.9 (2.6; 524.9
25th and 75th percentiles) from households with stunted
children (p = 0.044).
Based on the results of in-depth interviews with farmers
and heads of villages, it was found that despite the high rice
production, many of the farmers in the study area rented their
farm land. The rental cost of one Bau of land (oneBau is about
6000 to 7500 m2) varied between twelve and fifteen million
rupiahs (± €787 to €984) per rice planting season. It was
estimated that the production cost of a rice plantation per
season was about three to five million rupiahs (± €197 to
€328) per Bau. During data collection, the farmers experi-
enced a lean season. Rice seeds had just been planted in
December and the farmers needed to wait until March for
harvesting.
Discussion
The elevation of Demak Regency varies from 0 m to 100 m
above sea level. The soil texture in this Regency varies from
Table 2 Selected characteristics
of agriculture-related factors
produced by the respondentsa
Characteristics Non-stunted children Stunted children p valuee
Rice (n) 178 79 0.408
Field size (m2) 3500.0 (1750.0; 5250.0) 1750.0 (1750.0; 3500.0) 0.041
Purposes
- for own consumption 62.4 (111) 74.7 (59) 0.054
- for sale 83.7 (149) 84.8 (67) 0.824
- for seeding 32.6 (58) 31.6 (25) 0.882
- for other usesb 15.7 (28) 13.9 (11) 0.710
Production (in kg/year) 2225.0 (1237.0; 5600.0) 2000.0 (1500.0; 4500.0) 0.288
- for own consumption 365.0 (0.0; 907.8) 500.0 (0.0; 990.0) 0.351
- for sale 1860.0 (500.0; 5100.0) 1560.0 (470.0; 3360.0) 0.248
- for seeding 0.0 (0.0; 20.0) 0.0 (0.0; 20.0) 0.636
- for other usesb 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.565
Revenue from selling rice production (n) 149 67 0.627
- Total (€/yearc) 586.6 (229.7; 1345.1) 420.0 (234.0; 881.9) 0.367
Mungbean (n) 100 56 0.160
Field size (m2) 2125.0 (1750.0; 3500.0) 1750.0 (1750.0; 3500.0) 0.219
Purposes
- for own consumption 0.08 (8) 0.09 (5) 1.000
- for sale 100.0 (100) 54.0 (96.4) 0.127
- for seeding 0.02 (2) 1.8 (1) 0.166
- for other uses 0.02 (2) 1.8 (1) 0.166
Production (in kg/year) 200.0 (100.0; 352.0) 200.0 (100.0; 310.0) 0.874
- for sale 197.5 (92.0; 337.5) 194.0 (95.3; 300.0) 0.250
- for seeding 0.0 (0.0; 10) 0.0 (0.0; 10) 0.873
Revenue from selling bean production 100 54 0.290
- Total (€/year) 137.0 (65.6; 308.1) 158.3 (67.6; 266.7) 0.794
Farmers with income from agriculture
activities (n)
222 107 0.182
Revenue from total agriculture activitiesd
- Total (€/year) 704.1 (238.5; 1930.8) 590.6 (236.2; 1273.0) 0.581
aData are presented as % (n), or median (25th;75th percentiles);
bMostly for social gathering activities;
c Revenue was calculated only for farmers who sold the rice production, exchange rate: 1 € = Rp 15,240;
dTotal revenue derived fromcalculation of all crops and livestock production and farmworkerwageswithin the last 1 year;
e Data was analysed using Chi square or Fischer exact test (for categorical data) and Mann-Whitney test (for not
normally continuous variables)
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finely ground texture to moderate soil texture (clay) and there-
fore is considered to have a good level of fertility.
Sustainability of the water supply is not only dependent on
water from the surrounding rivers, but is also due to irrigation
from a water reservoir, including the Kedungombo Reservoir,
making it possible for the land to remain productive during the
dry season. Thus, it is not surprising that the livelihood of
most of the population in Demak relies on the agricultural
sector. As a result, Demak is known as the national granary
because it is one of the largest suppliers of rice in Central Java.
Rice production for families with non-stunted children was
higher than their stunted children counterparts. In total, yearly
brutto revenue from rice sales was about € 420.0 (€35.0/
month) among households with stunted children and was low-
er than that from families with non-stunted children (€586.6 or
€48.9/month: Table 2). The yearly brutto revenue is defined as
the total income received by farmers before deduction of all
cash expenses, e.g. pesticides, fertilizers and wages. Revenues
from rice, mungbeans, and all agricultural production in the
study area (Table 2) were significantly lower than the 2014
monthly regional minimum wage in Central Java by Rp
1280000 or € 84.0/month or €1008/year. In total, slightly
higher proportion of the households with stunted children
(67.3%) received income less than the monthly minimum
wage in contrast to the 59.5% of families with non-stunted
children.We presumed that a low revenue from the agriculture
sector was likely to be the main cause of the high prevalence
of stunted children in the area. Although not statistically sig-
nificantly different, the total farm income difference of €113.5
(Table 2) seemed to be important for households with non-
stunted stunted children for maintaining their health and nu-
trition. Households that consumed more of their rice produc-
tion were found to have stunted children. In this area, farmers
who produced rice only and mostly for own consumption, had
or rented significantly smaller plots and produced limited rice.
Since these farmers did not have income from selling rice,
their predicted income was usually lower (even zero) than that
of farmers who sold rice. Stunted children came from house-
holds with significantly smaller land areas for rice cultivation
than those of non-stunted children (p < 0.041). Thus, it was
likely that the small size of a rice field is an indication of food
insecurity and is a cause of stunting among children under
five. According to data from the Ministry of Health (2012),
being raised in a family belonging to the poorest quintile in
Indonesia had a 1.79 times risk of being stunted compared to
the richest quintile. Higher risk of being stunted among poor
families was also reported in the studies of Black et al. (2013)
and Hong et al. (2006).
Correlation between lack of agricultural diversity (crops and
livestock) and stunting among children in the study area could
not be proved to be due to the domination of rice cultivation
and production. Although the national government has tried to
promote crop diversification, rice as a staple food still domi-
nates the habitual Indonesian diet (Jati et al. 2012) and there is
slow progress in shifting to the cultivation and consumption of
alternative staple foods. Part of the reason for this is that gov-
ernment support for agricultural inputs (e.g. fertilizer and seed)
and promotion of increased rice production is still concentrated
in the rice buffer area. Prioritizing rice cultivation is also con-
sidered to be the best option by farmers in the study area be-
cause of market opportunities and farmers’ experiences in pro-
ducing rice. This is especially so if farm capital is a major
constraint, as found by Siregar and Suryadi (2006). Thus inten-
sive agriculture extension and continuous promotion and
mentoring of crop diversification will be required to change
the mindset of Indonesian farmers. Moreover, based on in-
depth interviews of farmers and heads of villages, planting rice
enabled them and their families to secure household food stock
at least until the next planting season.
Although chicken rearing is normally extensive among the
Javanese, during the survey period only 3.6% of the house-
holds raised them. Besides own consumption, prior to data
Table 3 Households’
expenditures (€)a Expenditures in the last month Non-stunted children
(n = 228)
Stunted children
(n = 107)
p valuec
Transportation 5.6 (2.6; 12.8) 6.7 (2.6; 9.8) 0.834
Cigarettes 8.9 (0.0; 19.7) 8.9 (0.0; 17.7) 0.625
Household 10.9 (7.2; 17.4) 9.5 (7.0; 19.0) 0.735
Food 47.8 (35.2; 61.7) 45.8 (29.5;60.9) 0.397
Total routine expenditures 113.5 (87.7; 151.3) 109.5 (79.6; 144.0) 0.321
Non-routine expenditures in the last year
Education 6.6 (0.0; 16.7) 7.8 (0.0; 32.8) 0.111
Cultural activities 1.2 (0.0; 59.1) 0.0 (0.0; 39.3) 0.610
Family health and environmental conditionb 254.3 (38.1; 787.4) 150.9 (2.6; 524.9) 0.044
aData are presented as median and (25th, 75th percentiles), exchange rate during data collection: €1 = Rp15,240,
b Examples: for housing renovation, environment improvement/renovation, health expenditure, etc
c Data was analysed using Mann-Whitney test
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collection many of the respondents sold chickens to generate
family income during the lean season, or exchanged them for
other foods, e.g. vegetables, rice, and tofu/tempe.
Hoddinott (2012) and Fan and Brzeska (2012) discussed the
effects of underlying factors in nutritional outcomes (UNICEF
1998) and their link to agriculture, especially choices and ex-
penditure on a healthy and varied diet, as well as health care
costs, which could result in a better nutritional status. Besides
inadequate food intake, chronic infectious diseases also cause
stunting in children. These two problems are aggravated by an
unfavourable living environment and lack of health services
(Gross et al. 1996). Particularly in the rice cultivation environ-
ment, they are correlated with several infectious diseases such
as malaria, diarrhea and worm infestation. Proper water man-
agement of rice fields is one way of controlling vector-borne
diseases (Roger and Joulian 1998) and providing private toilets
and hand washing facilities reduce the incidence of infectious
diseases spread by the fecal-oral route (Humphrey 2009).
During the period of data collection in Demak, public health
insurance (so-called Social Security Agency) for the whole
Indonesian population had not been introduced. Private health
insurance was usually paid for on a yearly basis, or personal
health services and medication expenses were paid for when
required. Therefore, health care costs could be an underlying
factor in childhood stunting. Improvement of health and envi-
ronmental conditions would be likely to result in better HAZ-
scores among the children of Demak Rgency.
Conclusions and recommendations
Even though Demak Regency is an area of high rice produc-
tion, child malnutrition, defined by HAZ-score below -2SD,
was still high. In our study, stunted children were significantly
older, thinner and smaller than non-stunted ones. They also
belonged to families who had significantly smaller rice fields
and produced rice solely or mostly for own consumption as
compared to the non-stunted group. No significant difference
was found between stunted and non-stunted children with
respect to cultivation and livestock production factors in their
households. The agricultural diversity assessed in this study
was not significantly linked to stunting among children due to
the superiority of rice cultivation in farmer’s experience, gov-
ernment support for it, its potential market and utilization.
Promotion of more diverse and nutritious crops, including
alternative staple foods should be continued in order to guar-
antee greater dietary diversity.
The low yearly brutto revenue of the farmers was likely to
be the main limitation for families in the study area for
obtaining good access to food and health services, but income
insecurity was not the only reason.
Yearly expenditure for improving family health and envi-
ronmental condition was significantly higher among families
with non-stunted than stunted children, suggesting that family
decisions on types of purchases influenced the nutritional sta-
tus of the children in the study area. Therefore, improvement
of agriculture production and diversity should be accompa-
nied by education on family expenditure.
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